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INTRODUCTION
Feline	 mammary	 glands	 have	 lately	 become	
more	 and	 more	 frequently	 explored	 from	 an	
anatomical	 and	 histological	 point	 of	 view.	 This	
is	due	 to	 their	 resemblance	 to	human	mammary	




Studies	 in	 this	 field	 indicate	 that	 tumors	 of	 the	
mammary	gland	in	the	cat	are	ranked	third	from	
the	 point	 of	 view	 of	 the	 frequency	 of	 apparition	
and	the	major	problem	is	that	85%	of	these	tumors	
have	 a	malign	nature	 (Dorn	et al.,	 1968;	 Lana	et 
al.,	2007;	Misdorp	et al.,1991;	Morris	and	Dobson,	
2001).
This	 study	 aimed	 to	 map	 a	 section	 of	 the	
lymphatic	 vascular	 system	 of	 the	 mammary	
glands	in	clinically	healthy	cats.	 Investigating	the	
lymphatic	 system	of	 the	mammary	 glands	 offers	
clinicians	 and	 especially	 surgeons	 the	 various	
possibilities	 of	 mammary	 lymphatic	 drainage,	
knowing	 that	 any	 deviation	 from	 the	 pattern	 of	
drainage	can	signal	the	apparition	of	a	cancerous	
pathology	 and	 that	 the	 lymphatic	 system	 is	 the	
main	way	for	tumor	metastasis.
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This	 study	aimed	 to	map	 the	 lymphatic	drainage	of	 the	cranial	 thoracic	mammary	gland	 (T1)	 in	 clinically	
healthy	domestic	 cats.	 The	most	 important	 aspect	was	 to	 identify	 the	 sentinel	 lymph	node	 that	 drains	 the	T1	
mammary	gland,	leading	to	a	new	model	of	mammary	tumor	removal	in	the	cat.










by	 uncovering	 features	 that	 the	 latter	 is	 unable	 to	 underline.	 Stratigraphic	 dissection	 can	 only	 be	 used	 as	 an	
experimental	tool,	but	the	radiographic	indirect	lymphography	is	a	very	good	method	for	clinical	use.
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MATERIALS AND METHODS
This	 study	 was	 performed	 on	 10	 females	
common	 breed	 cats.	 In	 order	 to	 achieve	 the	
established	 goal	 and	 objectives	 were	 examined	
the	T1	cranial	thoracic	mammary	gland	using	two	
methods:	the	radiographic	indirect	lymphography	
with	 contrast	 agent	 and	 the	method	 of	 injecting	






study	 were	 of	 various	 ages	 and	 body	 weights.	
Their	age	varied	between	2	to	6	years	and	the	body	
weight	 between	 1.5	 to	 4	 kg.	 The	 subjects	 were	
selected	taking	into	account	sexual	maturity,	with	
the	purpose	of	having	 fully	developed	mammary	
gland	 from	 a	 physiological	 point	 of	 view.	 Both	
methods	 investigated	 the	 cranial	 thoracic	
mammary	glands	from	a	single	side	of	the	body.








The	 method	 of	 radiographic	 indirect	
lymphography	 with	 contrast	 agent	 imposes	 the	
use	 of	 a	 contrast	 medium	 and	 of	 a	 radiological	




with	 a	 fixed	 TEMCO	 GRx-01	 type	 machine.	 The	
amount	 of	 0.5	ml	 of	 contrast	 agent	was	 injected	
in	 the	sub-areolar	region	and	 in	 the	parenchyma	
of	 the	mammary	gland.	The	needle	was	 inserted	
lightly	at	a	subcutaneous	level	taking	care	to	inject	
















preceded	 by	 in vivo injection	 of	 the	 coloring	
agent,	 imposed	 both	 a	 subcutaneous	 injection	
and	 an	 injection	 in	 the	 mammary	 parenchyma	
of	the	coloring	substance.	 In	this	study	was	used	
Evans	 blue	 as	 coloring	 agent.	 This	 substance	 is	
a	 dark	 colored,	 hydrosoluble,	 dissolving	 well	 in	
both	 distilled	 water	 and	 saline	 solution,	 with	
tropism	 for	 the	 lymphatic	 system.	We	have	used	
a	 concentration	 of	 2.5%	 Evans	 blue	 and	 saline	
solution	 for	 the	 dilution.	 The	 2.5%	 Evans	 blue	
injection	was	done	in	the	sub-areolar	region	and	
in	 the	 mammary	 parenchyma,	 in	 the	 4	 cardinal	
points	 adjacent	 to	 the	 gland	 (cranially,	 caudally,	
laterally	 and	 medially).	 Each	 cranial	 thoracic	
mammary	gland	was	injected	with	a	total	of	0.4	ml	
of	the	coloring	solution,	0.1	ml	in	each	point.	For	
Due	to	 the	mammary	gland	chosen	 for	 the	study	
–	a	mammary	gland	that	is	not	so	well	developed	
by	 comparison	with	 the	 rest	 of	mammary	 gland	
pairs	has	been	selected.	The	injection	of	the	gland	
was	 repeated	 24	 hours	 after	 the	 first	 one,	 and	
the	 subjects	were	 euthanized	 48	 hours	 later	 the	
first	 injection.	 The	 euthanasia	 was	 performed	
after	the	prior	 induction	of	a	neuroleptanalgesia,	
by	 intravenous	 administration	 of	 the	 product	
T-61.	The	protocol	of	 the	stratigraphic	dissection	
followed	 the	 regional	 lymphatic	 drainage	 of	 the	
gland,	 trying	 to	 underline	 the	 lymphatic	 vessels	
that	drain	the	gland,	as	well	as	its	adjacent	lymph	
nodes.	 For	 this	 purpose,	 was	 performed	 both	 a	
cranially	 and	 a	 caudally	 oriented	 dissection,	 to	
obtain	 a	 map	 of	 the	 lymphatic	 drainage	 of	 the	
cranial	 thoracic	 mammary	 gland	 (T1)	 as	 real	






for	 various	 reasons	 (aggressive	 behavior	 in	 the	
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RESULTS AND DISCUSSION
On	 the	 radiographic	 images	 was	 noticed	
that	 the	 contrast	 medium	 has	 reached	 into	 the	
lymphatic	 channels,	 being	 thus	 distributed	 into	
the	 lymphatic	 plexus,	 leading	 to	 the	 uniform	
opacification	 of	 the	 cranial	 thoracic	 mammary	
gland’s	 parenchyma	 in	 all	 of	 the	 five	 subjects.	
The	 propagation	 of	 the	 Optiray	 350	 contrast	
medium	from	the	mammary	parenchyma	into	the	
lymphatic	 vessels	 draining	 the	 cranial	 thoracic	
mammary	gland	led	to	obtaining	two	possibilities	
of	lymphatic	drainage,	with	regards	to	the	number	
of	 main	 lymphatic	 vessels.	 One	 cat	 out	 of	 5	




drainage,	 the	 latter	 was	 exclusively	 cranial	 in	
all	 subjects.	 The	 radiographic	 images	 with	 the	
subjects	 in	 a	 latero-lateral	 and	 dorso-ventral	
decubitus	 and	 a	 latero-lateral	 and	 ventro-dorsal	
projection	 indicated	 the	 fact	 that	 the	 cranial	
thoracic	mammary	gland	is	drained	by	the	cranial	
accessory	 axillary	 lymph	 node.	 The	 radiographs	
were	obtained	 immediately	after	 the	 injection	of	
the	contrast	medium.	This	 lymph	node	 is	part	of	
the	axillary	lymph	center	and	represents	the	first	
relay	of	 the	 lymphatic	drainage	coming	 from	 the	
cranial	thoracic	mammary	gland	(Fig.	1).
The	 images	 obtained	 10	 minutes	 after	 the	
injection	 presented	 only	 a	 weak	 opacification	
of	 the	 lymphatic	 vessel	 and	 the	 drainage	 of	 the	
lymphatic	center	has	not	been	observed	(Fig.	2).
The	method	of	 in vivo injection	of	a	coloring	
agent	 followed	 by	 stratigraphic	 and	 regional	
dissection	 offers	 much	 more	 complete	 data	
on	 the	 number	 of	 lymph	 nodes	 draining	 the	
cranial	 thoracic	 mammary	 gland.	 The	 dissection	
was	 performed	 both	 cranially	 and	 caudally	
to	 the	 mammary	 parenchyma.	 As	 in	 the	 case	
of	 the	 lymphographic	 method,	 the	 dissection	
demonstrated	that	the	cranial	thoracic	mammary	
gland	 is	 drained	 exclusively	 in	 the	 cranial	
direction.	It	also	underlined	the	fact	that	the	first	




under	 the	 ventral	 border	 of	 the	 latissimus dorsi 
muscle	 and	 are	 palpable	 through	 the	 superficial	














Continuing	 cranially	 with	 the	 dissection,	
was	 noted	 the	 lymphatic	 vessels	 emerging	 from	
the	 accessory	 axillary	 lymph	 node,	 that	 become	
afferent	to	the	proper	axillary	lymph	node.	When	
isolating	 this	 lymph	 node,	 it	 presented	 a	 much	
smaller	 size	 than	 that	 of	 the	 accessory	 axillary	
lymph	 node,	 with	 the	 exception	 of	 a	 single	 case	
which	we	will	 later	present	 in	detail.	The	aspect	
referring	 to	 the	 dimensions	 of	 this	 lymph	 node	
confirm	the	fact	that	the	accessory	axillary	lymph	
node	 which	 is	 sometimes	 composed	 of	 several	
bundles	of	lymph	nodes	is	the	actual	main	lymph	
node	 of	 the	 axillary	 lymph	 center.	 The	 proper	
axillary	lymph	node	was	located	the	between	the	
teres major muscle	 and	 the	 pectoralis ascendens 
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As	specified	above,	in	one	case	was	identified	
only	the	proper	axillary	lymph	node.	In	this	subject,	






Based	 on	 literature	 data	 and	 following	 the	
drainage	direction	of	 the	 lymph,	 the	 latter	might	
reach	 the	 sternal	 lymph	 nodes,	 more	 precisely	
the	 cranial	ones.	The	 cranial	 sternal	 lymph	node	
was	 identified	 in	 all	 of	 the	 examined	 cats	 and	
it	 presented	 a	 rather	 pronounced	 coloring.	 Its	
identification	was	possible	after	the	opening	of	the	
thoracic	cavity,	at	 the	ventral	side	of	 the	 internal	
thoracic	 vessels.	 Its	 dimensions	 are	 1.2	 cm	 in	
length	 and	 between	 0.4-0.7	 cm	 in	 width.	 It	 has	
to	be	highlighted	 that	 in	one	of	 the	 subjects,	 the	
cranial	sternal	lymph	node	is	double	(Fig.	6).
In	 order	 to	 obtain	 a	 map	 of	 the	 lymphatic	
drainage	of	the	T1	gland	as	complete	and	as	correct	
as	 possible,	 we	 have	 continued	 the	 dissection	
cranially.	As	it	is	a	known,	that	the	ventral	cervical	
lymph	node	drains	the	pectoral	region,	the	study	
was	motivated	to	 try	 to	 identify	 this	 lymph	node	
and	to	assess	its	macroscopical	level	of	Evans	blue	

















region,	 such	 as:	 the	 axillary	 lymph	 node	 of	 the	
first	pair	of	 ribs,	 the	caudal	 sternal	 lymph	nodes	
and	the	cranial	epigastric	lymph	nodes,	were	not	
present	in	the	examined	subjects.	From	this	point	
of	 view,	 the	 results	 confirm	 certain	 data	 from	







Following	 the	 performed	 dissections,	 in	
any	of	 the	 subjects	 lymphatic	 vessels	 linking	 the	
heterolateral	 cranial	 thoracic	 mammary	 glands	
were	unable	to	be	isolated.
To	infirm	the	caudal	drainage,	the	stratigraphic	
and	 regional	 dissection	 was	 also	 performed	 in	
this	 direction.	 Results	 show	 that	 the	 inguino-
femoral	and	 ilio-femoral	 lymph	centers	were	not	
impregnated	 with	 Evans	 blue,	 which	 confirms	
once	again	the	exclusively	cranial	drainage	of	the	
T1	cranial	thoracic	mammary	gland.
The	 first	 lymphographic	 studies	 of	 the	
mammary	 lymphatic	 drainage	 in	 the	 cat	 were	
made	in	2009	using	Lipiodol	UltraFluid	as	contrast	
agent	 (Papadopoulou	et al.,	 2009;	Patsikas	et al.,	
2010).
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mammary	 gland	 and	 the	 localization	 of	 the	 first	




data	 (Sugimura	 et al.,	 1956).	 Some	 authors	
ascertain	 that	 the	accessory	axillary	 lymph	node	
is	 double	 or	 triple,	 while	 in	 this	 study	 has	 been	
identified	 via	 the	 lymphographic	 method	 only	 a	
single	one	(Papadopoulou	et al.,	2009).
Investigating	 the	 lymphatic	 system	 by	
injecting	 colorant	 agents	 with	 tropism	 for	 the	
lymphatic	 tissue	 has	 been	 known	 and	 applied	
by	 several	 authors.	 Most	 studies	 performed	 by	
various	 authors	 focus	 on	 the	mammary	 gland	 in	
the	 bitch,	 sometimes	 using	 the	 general	 term	 of	
carnivores	(Patsikas	and	Dessiris,	1996a,	1996b).	
Researchers	 such	 as	 Baum	 (1918),	 Stalker	 and	
Schlotthauer	(1936),	Ruberte	et al.	(1990),	Sautet	
et al.	 (1992),	 Stan	 (2009),	 have	 injected	 Berlin	
blue,	 India	 ink	 and	 Evans	 blue	 in	 the	mammary	
glandular	 tissue	 in	 the	 bitch,	 thus	 highlighting	




in	 the	 cats	was	performed	by	 injection	of	 a	 blue	
coloring	 agent	 on	 cadavers,	 followed	 by	 their	
dissection	 (Sugimura	 et al.,	 1956,	 1958,	 1960;	





This	 study	 was	 applied	 using	 live	 cats,	 in	
compliance	 with	 some	 authors	 stating	 that	 this	
type	 of	 assessment	 is	 much	 closer	 to	 the	 truth,	
because	it	is	performed	in	physiological	conditions	
of	lymph	streaming	(Raharison	and	Sautet,	2006).
Regarding	 the	 obtained	 results	 after	 the	
assessment	of	the	cranial	thoracic	mammary	gland	
by	stratigraphic	and	regional	dissection,	it	can	be	
stated	 that	 all	 subjects	 presented	 an	 exclusively	
cranial	 lymphatic	 drainage	 through	 the	 axillary	
lymph	center	(Raharison	and	Sautet,	2007,	2006;	
Sugimura	 et al.,	 1960;	 Vollmerhaus	 and	 Roos,	
1997).	The	 first	 relayed	reached	by	 the	 lymph	 is	
















were	 weakly	 colored.	 This	 aspect	 makes	 it	
responsible	 for	 the	 cranial	 thoracic	 mammary	
gland	drainage.
CONCLUSION













of	 certain	 lymph	 nodes	 in	 some	 subjects.	 The	
internodal	connection	is	very	important,	because	
in	 case	 of	 cancer	 affecting	 the	 cranial	 thoracic	
mammary	gland,	one	must	consider	not	only	the	
sentinel	lymph	node,	but	also	the	rest	of	the	lymph	








on	 the	 number,	 the	 size	 and	 more	 importantly	
on	 the	 topography	 of	 the	 lymph	 nodes.	 The	 fact	
that	 the	 dissection	 method	 allowed	 locating	 the	
topography	of	all	of	 the	 lymph	nodes	 involved	 in	
the	 drainage	 of	 the	 cranial	 thoracic	 mammary	
gland	must	be	taken	into	account,	because	this	is	
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of	 the	 lymphatic	 map	 that	 performed	 through	
this	 study	 can	 have	 pathological	 implications	 of	
the	lymphatic	drainage.	Such	a	change	in	pattern	




This	 study	 was	 approved	 by	 the	 Bioethical	
Board	 of	 the	 Faculty	 of	 Veterinary	 Medicine	 of	
Cluj-Napoca,	Romania.
REFERENCES




















tumors:	 a	 case	 control	 study	 of	 hormonal	 factors.	
Anticancer	Res	11,	1793-1798.
8.	 Morris	 J,	 Dobson	 J	 (2001).	 Mammary	 gland.	 In:	 Small	





the	Mammary	 Glands	 in	 the	 Cat:	 A	 Lymphographic	 and	
Computerized	 Tomography	 Lymphographic	 Study.	 Anat	
Histol	Embryol	38:292-299.
10.	Paşca	C,	Papuc	I,	Mireşan	V	(2001).	Anatomie	comparată	
şi	 histologie	 -	 Aparatul	 cardiovascular.	 Vol.	 II.	 Risoprint,	
Cluj-Napoca,	130-229.
11.	Patsikas	 MN,	 Papadopoulou	 L,	 Charitanti	 A,	 Kazakos	
GM,	 Soultani	 CB,	 Tziris	 E,	 Tzegas	 I,	 Jakovljevic	 S,	 Savas	
I,	 Stamoulas	 KG	 (2010).	 Computed	 tomography	 and	












14.	Raharison	 F,	 Sautet	 J	 (2006).	 Lymph	 drainage	 of	 the	
mammary	glands	in	female	cats.	J		 	 	 Morphol	 267:292-
299.















20.	Stalker	 LK,	 Schlotthauer	 CF	 (1936)	 Neoplasms	 of	 the	
mammary	 gland	 in	 the	 dog.	 The	 surgical	 treatment	 of	
mammary	 tumors.	 Report	 of	 two	 cases	 in	 study	 of	 the	





22.	Stan	 F	 (2009).	 Study	 on	 the	 Lymphatic	 Vascularisation	
of	 the	 Cranial	 Thoracic	 Mammary	 Gland	 (T1)	 in	 Bitch.	
Bulletin	 of	 the	 University	 of	 Agricultural	 Sciences	 and	
Veterinary	Medicine,	Cluj-Napoca,	66(1):114.
23.	Sugimura	 M,	 Kudo	 N,	 Takahata	 (1960).	 Studies	 on	 the	
lymphonodi	of	cats.	V.	Lymphatic			 	 drainage	 from	 the	
peritoneal	and	pleural	cavities.	Jap	J	Vet	Res	8:35-46.
24.	Sugimura	 M,	 Kudo	 N,	 Takahata	 (1958).	 Studies	 on	 the	
lymphonodi	 of	 cats.	 III.	 Macroscopical	 observations	 on	
the	lymphonodi	in	the	abdominal	and	pelvic	cavities.	Jap	
J	Vet	Res	6:69-88.




26.	Sugimura	 M,	 Kudo	 N,	 Takahata	 (1955).	 Studies	 on	 the	
lymphonodi	of	cats.	I.		Macroscopical	observations	on	the	
lymphonodi	of	heads	and	necks.	Jap	J	Vet	Res		3:90-105.
27.	Vollmerhaus	 B,	 Roos	 H	 (1997).	 On	 the	 regional	 lymph	
nodes	 of	 mammary	 gland	 in	 the	 domestic	 cat	 -	 a	
summarizing	study.	Kleintierpraxis	42:221-229.
